Use spread-spectrum techniques 

to reduce EMI 
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EMI is a major concern in PC 
<tes4gn, becaiOT it deterrttfnes 
whether a system or PC moth- 
erboard gets approved for sale 
by the US Department of 
Commerce. This situation is 
efpe^ally true in designs tiiart 
feature Pentium-class proces- 
sors, high-speed buses, and several clock outputs. EMI testing 
Occurs late in the design process, so failing the test can mean 
€zp£n§ive red€i%n and increased time to market. In addition 
to m^teral costs, using shielding as a way rtdtKie EMI sig- 
nificantly increases production complications, further driv- 
ing up system cost. 

An aitenittpt approad^ is to conti ol E!^ by eliminalliig 



In many countries, EMI requirements limit 
the selling of PCs. Spread-spectrum techniques 
are cost-effective ways to control clock- 
generated EM emissions. 
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rather than merely contain- 
ing it. One expensive artd 
time-consuming way to 
achieve this goal is to 
redesign a system specifi- 
cally to reduce emissions 
once you deteiminetts EMI 
levels. A more efficient and 
cost-effective alternative is to control clock emissions, a 
imlm source erf EMI. 

Hiurmoiucs afld multiple lines create the problem 

EMI is a growing problem in today's computers because 
they operate faster, which requires shorter rise times for 
square-wave clock signals. Also, system motherboards have 
more clocked elements, resulting in more lines to radiate 
energy. For example, in a 486-basied system with a 66,6~Mffz 
bus, the rise times are typically 2 nsec. Generating a square 
wave with this rise time does not produce a large number of 
higher order harmonics. Furthermore, the system most like- 
ly uses exten4ejd-dat&-out (EDO) DRAM, which has its own 
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Slight modulation of a clock spreads the energy of the fun- 
dmMid f reiiua^ ifibMniizing fimdanientd and tiarnioric- 
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Center-Spread modulation shifts the carrier frequency above 
and below the original fundamental frequency. Down-spread 
modulation shifts the carrier frequency down by half the 
m^diitation aanount that the niodalalid wavef otm is teo* 
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clerking scheme and is not operating at 
a 66.6-MHz clock rate. As a result^ a lim- 
ited liu-nber of lines radiate a relatively 
low level of harmonic-content energy, 
so traditional EMI shielding practices 
are adequate. 

hi a Pentium-based system, clock rise 
times are approximately 800 psec, even 
with a 66.6-MHz host clock. To generate 
a square wave with Stirh a rise time, you 
creat-j much greater higher-order har- 
monic content, which contains a high 
energ}^ leveL With a clock fre-qyejicy Of 
100 MHz, the problem becomes worse 
because the harmonics are at much 
higher frequenci^ HJDid -aiftyilfl ^^^te 
more energy. 

In addition, the Pentium system 
most likely uses synchronous DRAM 
(SDRAM), so every slot has four clocks. 
A high-end computer has four slots, 16 
memory-clock lines, and four lines for 
the:CPlJ. Thus, nomeroiw lines radiate large amounts of ener- 
gy. Because the outputs are synchronous, the system simul- 
tMi^ously switches all 16 lines, causing a large energy spike 

Mternatives to shieldijcig 

Pulse shaping, slew-rate control, staggered outputs, and 
spread-spectrum techniques can reduce clocking-related 
EMI. Of these, spread spectrum is the easiest to implement 
and the most efficient. Spread spectrum slightly modulates a 
dock sIgnaFs freqvi^ncy, spreading the m«r|y ^ the funda- 
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Modulating the input of the VCO in a closed loop is an accurate and predictable way 
to use a spread-spectrtini techniqiie for reducing ctodt EMI. 



mental frequency to minimize any trmrgy petking at specif- 
ic frequencies (Figure 1). This approach reduces the funda- 
mental-clock-frequency EMI, as well as the higher frequency 
harmonic components, reducing total system-EMI radiation. 
By reducing its spectrum-peak amplitude, a system more ens- 
ily aifd nKSfe cheaply me«s the standatds of dretrotna^et- 
ic-compatibility (^C) tests than do othtr £MI-rontaiiifHtnt 
techniques. 

One technique designers use to reduce EMI is pulse shap- 
ing, which requires control of the output w^aveshape. You use 
puhe shaping tD try to coatrc^ iiigher f mqueoQ^ Marmonlcs. 



Figure 4 




ATTElsi iDcJ 
RU OcJQm 




CeNT^I? 200- OMHaE SPAN 330. OMHa 



CENTER aOO. OMHat SPAN 330, OMHa; 



Ihh wide-view spectrum plot of 66.6-MHz-fundamental to fifth-harmonic frequencies shows a normal spectnon (a) and the 
reductions achieved with a +0.5% (0 to -1%) down-spread shift of the fundamental frequency (b). 
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Pulse shaping does not control the spectral energy of 
the fundamental but changes the shape of the rising 
edge, rounding off the corners and reducing some of 
the higher frequency components and their energy. 
Pulse shaping works if you can control the portion of 
the waveform near the switching threshold. 

Unfortunately; pulse shaping makes for a difficult 
balancing act between too much rounding^ which can 
begin to look like more of an analog function^ and not 
enough rounding to achieve the desired EMI reduction. 
In addition, process, temperature, and voltage varia- 
tions disrupt the balance. The techniques you use to 
obtain optimum rounding may not give consistent 
results from run to run in manufacturing. For example, 
carefully set capacitive or resistive shaping values 
change from production lot to production lot. As a 
result, you must overdesign the system to ensure that 
process variations leave sufficient EMI control and rise 
time. 

Also, pulse shaping changes only the higher order har- 
monics and not the fundamental frequency. Supposed- 
ly, enough room is available under the peak-power level 
that the fundamental does not exceed aJlowable toler- 
ances. This assumption may not be tnn^fiiiiidil^^ 
light of changing FCC regulations. 

Another approach to reducing EMI, slew-rate con- 
trol, manages the rising-edge slope by maintaining an 
otftptit drive that doesn't overcharge load capacitance. 
Slew-rate control achieves this maintenance by creat- 
ing a current-controlled output that avoids having a 
fast, high current and should theoretically be effective. 
However, as with pulse shaping, a major issue is how 
weH you can maintiin that confro! on a manufacturing 
lot-to-lot basis and across various voltage and tempera- 
ture ranges. The design must account for the worst-case 
process and for both high and low temperatures and 
voltages. These potential variations are both critical 
and unpredictable. As a result, slew-rate control is diffi- 
cult to implement and unreliable. 

Another alternative is staggering the outputs in a sys- 
tem using SDRAMs. As noted before, a high-end system 
typically has 16 memory lines, all of which theoretical- 
ly switch at once. In practice, you cannot achieve 
absolute synchronous switching, so design specifica- 
tions allow a 250-psec window within which the system 
must switch all the lines. For example, the system can 
set one group of lines 110 psec early; another^ 3Q psec 
early; a third, 30 psec late; and a fourth, 110 psec late. 
This approach would temporally spread the energy. The 
frequencies remain the same, but they're phase-shifted, 
decreasing the mearfy ikmi ippi^i at lliiteii^ mA 
i^ucing EML 

A major drawback of output staggering is that out- 
put-to-output and tolerance-related variations are 
inherent and might by themselves occupy the time 
window. So, although output staggeftog is theoretical- 
ly good, maintaining target control over manufactur- 
ing, voltage, and temperature variations can be diffi- 



Figure 5 
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A magnified spectrum plot of a 66.6-MHz fundamental frequency 
shows the energy fM'eseiif In a normat spectrum (a), a spectrum with 
a center-spread shHI of ±0.5% Qt), an# a down-spr^ sMft of 
±0.5% (c). 
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cult and nidke this technique unacceptable. 

Anotht L c:pproach, spread spectrum, spreads the 
energy of a fundamental frequency to minimize any 
peaking of cntMg\^ at specific frequencies. This tech- 
nique reduces both the fundamental-frequency EMI 
and the higher frequency harmonic components, sig- 
mficantly reducing overall system EMI radiation with- 
out compromismg clock-edge rise and fall times. With 
lower spectrum-peak amplitudes; a system meets and 
has more margin for EMC. Spread spectrum is the sim- 
plest, mosi efficient technique and offers the most 
anmiinity to manufacturing-process variations. 

Spread-spectrum basics 

In uieasuiing EMI to determine regulatory compli- 
ance, the FCC samples the spectrum a system emits. 
Basically, someone sweeps a spectrum analyzer across a 
frequency range to look for energ>^ peaks that exceed a 
limit. It" the energy from a fundamental peak spreads to 
a band plus or minus some percentage on either side 
using a contn jUed shift pattern, the energy is lower at 
any frequency, fhe same energy still exists but is now^ 
spread across i\ x^onti oiled range of frequencies. Spread- 
ing the speclrum lowers the fundamental-frequency 
energy because the clock spends part of its time at a 
lower frequency and part at a higher frequency. Despite 
the energy spread, the clock is still a square wave. 

Tor cxampiC; you might modulate a 66.6-MHz clock 
frequency by \%. The period for a 66.6-MHz clock is 15 
nsec, so a VVa modulation w^ould be 150 psec; the peri- 
od would move 75 psec on either side of 15 nsec in a 
controlled manner. Engineers design the system to 
respond wflh a clock that has some variation, because it 
must accoiTimodate inherent random variations. 
Because you design the system for clock variatiom, slow- 
ly vaoying the dmM Acm mt affect syitim C^^itiDn. 

Modulatian cimoiiiit and rate 

l^he amount and rate of fundamental-frequency 
modulation are two of tlie first decisions you must 
make when implementing a spread-spectrum design. 
You base both decisions on practical considerations. 
For example, experience shows that a spread of 0.5% 
sufficiently reduces EMI and remains close to the clock 
frequency, which means less tracking variation. 

Similarly, moduIatior.-r * p selection involves a num- 
ber ot empirical considerations. For its spread-spec- 
tmrn-enabled clock chips, Integrated Cucuit Systems 
(ICS, mvwicstxom) uses a 50-kHz modulation rate. 
ICS chose this rate because it is higher than thertoTmal 
audio frequci!' /, 'ii:ni::j':ing the chance of a user's 
hearing a higr-^r bed queal from the system. ICS 
also chose the rate for compatibility wiih the chip set 
and CPU, both of which have PLLs that operate with a 
loop bandwidth of greater than 1 MH?-. 

The most important design deci^(0l1 is whether to 
me center- or down-spiead modulation (Figure 2). 
Center-spread moduJatlon ^rMtB tt^t totqacoLcy ^Im^ 



Figure 6 




f^^mi l l.„iiPf, I 1 \ i i*^ J QU^J 



III? Ii^ii; 



(a) 






















imJ 1 







As these f requency-versus-cycle number diagrams show, you can sig- 
nificantly reduce the spectral energy in a normal spectrum (a) with 
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SPREAD-SPECTRUM TECHNIQUES 

and beiow the original fundamental frequency. The advan- 
tage of this modulation is that average system frequency is 
always the same. The system always sees a 66,6-MHz clock as 
a 66.6-MHz clock, so performance does not degrade from 
board to board. 

The major disadvantage of center spreading is that it tech- 
nicaily violates the guidelines for ixP operation, which for a 
66.6-MHz clock specifies a 15-nsec period, plus or minus typ- 
ically 250 psec of jitter. However, you can make a case that, 
If the spreading modulates the period by only 75 psec, suffi* 
cient guardband remains for random variations. In practice, 
experiments show center spreading to significantly reduce 
EMI radiation without degrading performance. 

An akernative technique is down-spread modulation, in 
which yrsu shift the earner frequency down by half the mod- 
ulation amount so that you center the modulated waveform 
on a new carrier. The peak of that modulation is at the origi- 
nal carrier. For example, you move a 66.6-MHz fundamental 
down by Q.5% if you select a 1% modulation. A 75-psec car- 
rier modulation means that the fastest and slowest clock peri- 
ods are 15 and 15.15 nsec, respectively. However, the average 
clock period is 15.075 nsec, which is 75 psec lower than the 
period of a 66.6-MHz clock, meaning that the average fre- 
quency is actually 66.3 MHz. The advantage of down spread- 
ing is that it ensures that your system does not exceed the 
ma vimu m processor clock speed. However, the low^ arasfB 
clock Mjeed also slightly decreases performance. 

Modulation implementation 

You can modulate fundamental carrier frequency in several 
Wys. One w^ay is to directly modulate the reference clock. How- 
ever, a major drawback of this technique is that the rest of the 
system also uses the reference, and many of the components, 
such as a floppy-cUsk drive; need a steady clock. With this tech- 
nique, you would corrupt any fixed-frequency clocks, and 
those io^eJ-clock components would not operate properly. 

The one technique that provides the most accurate and 
piedictable results for a main clock system is to nioduiatB the 
inptit of the VCO in a PLL (Figure 3). This technique uses the 
reference clock as a control element and has counters that 
look for time events to determine the location of the modu- 
lation at specific times. When the circuit identifies these 
events, it modulites the PLL, feeding a control voltage to the 
VCO. Feedback from the phase detector indicates whether 
the clock is above or below^ the target frequency, and the cir- 
cuit accordingly adjusts the current sources. With this tech- 
nique, clocks requiring a fixed frequency are unmodulated, 
and those that cause major EMl probiems, such as riififnory 
ami CPU docks, tx£ pmdulaf«d. 

Results using spread-spectrum modulation 

A wide-view spectrum plot for a 66,6-MHz clock from the 
fundammtai frequency to the fifth harmonic show^ the peak 
reductions you would achieve w^ith a ±0.5% center-spread 
shift (Flj^nrc 4), A magnified spectrum plot for a 66.6-MHz 
clock shov- ; i ie energy reduction with a 0.5% center-spread 
and a ±0,5% (0 to -1%) down-spread shift over an unmodu- 
lated signal (Figure 5). 



Review^ing the discrete frequency for each cycle number 
across the normal spectrum of a 66.6-MHz clock (Figure 6), 
you can see the energy dispersion resulting from both a 
±0.5% center-spread modulation and a ±0.5% (0 to -1%) 
down-spread modulation. As these timing w^aveforms illus- 
trate, spread-spectrum techniques clearly meet the goal of 
decreasing EMI by smoothly changing clocks w^hile dispers- 
ing energy most efficiently across a range of frequencies rel- 
ative to the fundamental frequency. Using spread-spectrum 
techniques is vteMe answer the growifSLg need for EMI con- 
trol, mm 
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